Lung transplantation has become an accepted therapeutic option for patients with various Background -Lung function is altered by infection and rejection in patients who end-stage vascular and parenchymal lung diseases. 1 Outcome after transplantation has imundergo heart-lung transplantation. The sensitivity, specificity, and positive/negative proved with advances in operative techniques but optimal management of infection and repredictive values (PPV and NPV) of lung function for the detection of allograft dys-jection remains a problem, partly because these complications may be undetectable by clinical function in these patients were measured. Methods -Thirty three patients who evaluation.
considered to have chronic rejection were not with the patient seated in a constant volume body plethysmograph. Measurements of FVC, included in the study. Bronchiolitis obliterans syndrome (BOS) was defined histologically by FEV 1 , maximal expiratory flow rates, and carbon monoxide transfer factor (T) were the presence of obliterative bronchiolitis or functionally by an irreversible decline of more made using a Sensormedics 2400 unit (Sensormedics, Anaheim, California, USA). For the than 20% in FEV 1 compared with the best postoperative value. If the diagnosis of BOS single breath washout test subjects were connected to a double bag-in-box system through was made after enrollment into the study, only data pertinent to the period preceding this a non-rebreathing valve with a 20 ml instrumental dead space. They inhaled a gas diagnosis were included in the data analysis. All patients gave verbal informed consent to mixture containing 5% helium (He), 5% hexafluoride sulphur (SF 6 ), and 90% O 2 from functhe procedures as approved by the Human Studies Committee of our institution.
tional residual capacity (FRC) to one litre above FRC 14 and then expired at a constant Diagnostic bronchoscopic examination was performed whenever patients developed symp-flow of 0.4 l/s. Flow was measured with a Lilly-type pneumotachograph connected to a toms such as fever, purulent sputum production or increased dyspnoea, physical signs, differential pressure transducer, and volume was obtained by integration of the flow signal. radiological abnormalities, or more than a 10% decline in home spirometric values, confirmed Because the pneumotachograph was located in the wall of the bag-in-box system, flow was by formal spirometry. If there was a strong clinical suspicion of infection with purulent independent of gas composition. Gases were sampled at the mouth and concentrations of secretions at endobronchial examination, bronchoalveolar lavage (BAL) without trans-He, SF 6 , and N 2 were analysed using a quadrupole mass spectrometer (Centronic 200, bronchial biopsy (TBB) was initially performed; if Gram stains and cultures were MGA) which incorporated an automatic control of the sensitivity maintaining the sum of negative or if patients did not respond to antibiotic treatment, a second bronchoscopy with inspired and expired concentrations (He, SF 6 , O 2 , N 2 , CO 2 ) at 100%. By excluding water BAL and TBB was carried out. Surveillance bronchoscopy was defined as a procedure per-vapour from the sum, we expressed gas concentration as a percentage of total dry gas. The formed according to a predefined protocol in recipients who were free of new clinical symp-slope of the alveolar plateau for each gas (S 2 , S 6 , Se) was obtained from a linear regression toms and had stable lung function and chest radiography. Surveillance bronchoscopy was analysis performed at 35-80% of the expired volume. The downgoing He and SF 6 slopes performed at one, three, and six months after surgery and annually thereafter. Bronchoscopy were treated as positive, as were upgoing N 2 slopes. The difference between the SF 6 and He was also performed 3-4 weeks after the diagnosis of acute rejection to assess the response slopes ( S) was also calculated. All signals were sampled at 50 Hz and stored in an Olivetti PC to treatment. Surveillance and follow up bronchoscopic examinations always included both for subsequent analysis. BAL and TBB.
Fibreoptic bronchoscopy was performed with local anaesthesia and BAL fluid and TBB   The analysis included all episodes of infection specimens were taken and processed following standard procedures. At least six biopsy speci-and rejection that met the following criteria:
(1) a diagnosis based on TBB and/or BAL fluid mens were taken and serial sections were graded for acute rejection by a single patho-specimens; and (2) functional tests, including indices of ventilation distribution, measured logist using the guidelines established by the International Society for Heart and Lung within the 2-3 day period before the bronchoscopic examination. Because we used BAL Transplantation. 13 The diagnosis of acute cellular rejection was considered only when the TBB fluid/TBB specimens as the gold standard, episodes of rejection that responded functionally specimens were graded A 2 or A 3 ; lymphocytic bronchitis was defined as the presence of peri-to pulsed steroid or cytolytic therapy but for which TBB specimens were either not availbronchial lymphocytic infiltrates. Cytomegalovirus (CMV) infection was defined as able, non-diagnostic, or only showed lesions graded A 1 were not included in the data anaisolation of CMV from cultures of BAL fluid and CMV pneumonia as the presence of char-lysis.
For each functional test the receiver-operator acteristic CMV associated histological changes on TBB specimens or the isolation of CMV in characteristic (ROC) curve 15 was computed by plotting sensitivity (true positive rate) on the y the BAL fluid in the presence of an infiltrate which resolved with antiviral therapy. The dia-axis against 1 -specificity (false positive rate) on the x axis for different cutoff values. These gnosis of bacterial pneumonia was made from positive cultures of BAL fluid in the presence values were defined in three different waysas percentages of predicted values, percentages of a new radiological infiltrate that responded favourably to antibiotics. Bacterial bronchitis of best postoperative values, and percentages of the last values obtained before the acute was diagnosed from positive cultures of BAL fluid with increased sputum production in the event. The optimal sensitivity was given by the intersection between the ROC curve and the absence of any new radiological abnormality.
Measurements of static lung volumes and second bisectrix -that is, the value for which sensitivity equals specificity. Optimal sensitivity airway resistance were obtained within the 2-3 days before the bronchoscopic examination was computed for each functional variable group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from for which sensitivity equals specificity. S = difference in slopes of the SF 6 and He alveolar plateaus. * p < 0.05; * * p < 0.01; * * * p < 0.001 compared with best postoperative value.
using the three different baselines. Positive pre-clinically indicated BAL fluid/TBB specimens examined only six were normal, while the rest dictive values (PPV) were calculated as the ratio of true positive/all positive tests and negative showed rejection (n = 14) or infection (n = 36). On 17 occasions the infection was a bacpredictive values (NPV) as the ratio of true negative/all negative tests. However, because terial bronchitis and on 19 occasions a pneumonia, either bacterial (n = 16), viral (n = 1), predictive values are inherently influenced by prevalence, we calculated the prevalence of bacterial and fungal (n = 1), or bacterial and viral (n = 1). Of the 26 BAL fluid/TBB speciinfection and rejection in our population between postoperative months 1-6, 7-12, and mens taken during follow up, 16 were normal and 10 showed ongoing rejection. 13-24 and then computed PPV and NPV using the Bayes' theorem. Prevalence was defined as Table 2 shows the mean changes in pulmonary function at the time of an abnormal the percentage of patients presenting with one or more acute episodes of infection or rejection BAL fluid/TBB specimen compared with the best postoperative value. On average, the best during the postoperative period considered.
Predicted values for static and dynamic lung postoperative values were within normal limits for all tests except for a slight reduction in volumes and T were derived from the ECCS Working Party regression equations.
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T. Infection and rejection produced significant changes in all functional variables: Statistical analysis was made using paired Wilcoxon tests and the level of statistical sig-FEV 1 , VC, FEF 25-75 , T, TLC, FEV 1 /VC (not shown in the table) decreased whereas nificance was taken as p <0.05. All data are reported as mean (SD). specific airways resistance (sRaw) and Se, S 2 , and S 6 (not shown in the table) increased. Of interest, S decreased and became slightly negative due to a greater rise in Se than Results The 33 patients were followed for a mean in S 6 . The changes were not significantly different for the two types of events. period of 16.3 months (range 0.5-36) during which a total of 184 bronchoscopic ex- Figure 1 shows typical ROC curves for TLC and FEV 1 . Each point on the figure represents aminations were performed. On 126 occasions a complete functional assessment could be ob-sensitivity and 1 -specificity for a cutoff value corresponding to 95%, 90%, 85%, 80%, and tained within the 2-3 days preceding the bronchoscopy but this proved to be impossible on 58 75% of the best postoperative value. The intersection of the ROC curves with the second occasions, either because the patient's clinical condition did not allow testing or for logistic bisectrix gives the optimal sensitivity which amounted to 66% for TLC and 60% for FEV 1 . reasons. Of the 126 bronchoscopic examinations, three were excluded from analysis Table 3 shows the values of optimal sensitivity for all functional tests in detecting any because the TBB specimen revealed only grade A 1 rejection (see Methods). A total of 123 acute event, and rejection and infection separately. The best values were found for indices events were thus included, for which both BAL fluid and TBB specimens were available on 89 of ventilation distribution followed by FEF , TLC, and FEV 1 . Optimal sensitivities were not occasions and BAL fluid alone on 34 occasions.
Of the routine surveillance biopsy specimens different for infection and rejection and they did not change according to the time elapsed taken, 34 of 41 were normal (table 1) and seven revealed unsuspected rejection. Of the 56 since surgery. Similarly, expressing data as a group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from postoperative periods considered and ranges of noted for the diagnosis of infection. Because
Tests are ranked by order of decreasing sensitivity, expressed optimal sensitivities did not change according in %.
to the time elapsed since surgery, changes in PPV and NPV with time were due to changes in prevalence. Infection and rejection produced consistent rises in the slope of the alveolar plateau for N 2 , percentage of the best postoperative value or SF 6 , and He and a fall in the slope difference as a percentage of the last value measured between SF 6 and He. These changes suggest before the acute event did not significantly alter that both complications preferentially alter the values of optimal sensitivity. In contrast, these distribution of ventilation in the periphery of values were significantly lower (p <0.05) when the lung -that is, at the level of membranous percentages of predicted values were used. and respiratory bronchioles.
11 12 Table 4 gives the prevalence of acute events, Only one earlier study by Otulana et al 9 has infection, and rejection calculated for the three assessed the sensitivity and specificity of lung function for the diagnosis of infection and rejection after heart-lung transplantation. These authors analysed 61 transbronchial biopsy specimens from 34 recipients. Using a 5% fall in FEV 1 as physiologically significant, they reported a sensitivity of 86% and 75% for the diagnosis of rejection before and after the third postoperative month, respectively; specificity was 84%. For the diagnosis of infection FEV 1 had a 75% sensitivity. In the present study a 5% fall in FEV 1 had a 90% sensitivity in detecting infection or rejection, which is slightly greater than the value reported by Otulana et al. 9 On the other hand, we found a much lower value for specificity of only 35%. This difference may be due to the fact that in the study by Otulana et al only 19 of the 61 BAL fluid/TBB specimens taken were normal 9 whereas in our study this ratio was 56/123 (table 1) . Values of sensitivity and specificity are likely to be more accurate when the number of positive and negative events is balanced.
We elected to assess optimal sensitivity from ROC curves because this is the only method which allows comparison of the sensitivity and specificity of different functional tests. As 
